far, and that ultimately magnetic resonance will be acknowledged as the most important development in medical diagnosis since the discovery of x nays.
Analog Tomography
Sectional images of the body were first produced by the technique of analog tomography, also termed planignaphy, stratignaphy, laminagraphy, body section radiography, and zonography.
In this technique, the x-ray tube is moved during exposure in synchrony with, but in the opposite direction to, a film cassette on the other side of the patient.
Only one section of tissue remains in focus on the film; tissues above and below the tomographic section are blurred by the motion of the tube and cassette.
The first attempt to describe a method to produce tomographic images was that of the Polish radiologist Mayer in 1914 Mayer in . in 1915 , an italian radiologist, Baese, filed a patent application for the design of a rudimentary tomographic x-ray unit intended principally for foreign body localization.
The French physician, Bocage, applied for a patent for an improved tomographic unit in 1921. Bocage's design was the prototype of modern analog tomographic units. Most of the physical principles of tomography were described in his patent application.
Two French physicians, Portes and Chausse, applied for a French patent in 1922 for a device similar to that outlined in Bocage's application, and five years later, the German radiologist PohI was granted a patent for a tomographic device.
In 1929 Kieffer, an Amencan radiologist, described a tomognaphic unit for chest imaging.
None of these descriptions acknowledged the ideas of other investiga- 
Figure 9
The Octoson, an 8-transducer anray unit for rapid ultrasound Bmode imaging. In the first place, scanning times were several seconds, and loss of spatial resolution because of motion was a constant problem. Furthermore, the quality of the image depended as much on the skill of the operator as on the sophistication of the equipment. In fact, sonography was considered more an art than a science.
Technologis'is who could reproducibly obtain decent images were hard to find, and image quality often varied widely from examination to examination and institution to institution.
Also, persistence oscilloscopes provided little gray-scale information, and ultrasonic images were termed "bistable" images-each part of the image was either black or white.
In the early 1970's a major improvement was added to ultrasonic instrumentation. First analog, and then digital, scan converters were introduced as image display devices. Figure 10 .
The time required to compile the data for an ultrasonic image was determined primarily by the need to move the transducer across the patient's body in a series of complex motions. Two approaches were envisioned to nedude the imaging time. One involved replacement of manual motion by mechanically controlled, automated motion of the transducer. This approach is used in mechanical sector scanners developed commercially to produce "real time" ultrasonic images.
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Computed Tomography
In science, a development often is charactenized as a "breakthrough" on "discovery" when actually it is more of an "advance" or "step forward. " The latter terms are more descniptive than the former in undestanding the development of computed tomography (CT). I I 65 Figure 13 . The major limitation was the low intensity of the radiation from the Am-241 source.
To obtain higher intensity radiation, Hounsfield replaced the Am-241 source with an x-ray tube to form the device shown in Figure 14 . The influence of the heterogeneous nature of the x-ray beam on the values of the attenuation coefficients was reduced by using high tube voltage and heavy filtration of the x-ray beam. In this manner the x-ray beam was attenuated almost exclusively by Compton interactions.
The x-ray beam was tightly collimated to reduce scatter and radiation dose, in anticipation of the potential clinical applications of the technology.
With an x-ray tube as the radiation source, the imaging time was reduced from 9 days to 9 hours. 
Figure 14
Early laboratory prototype of x-ray transmission CT scanner developed by Hounsfield(from EMI Ltd.).
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Cross sectional imaging The first clinical ACTA scannen was installed at the University of Minnesota in 1973 (Figure 16 ). It employed the same combination of translational and rotational motion used by EMI, and required several mmutes for data acquisition.
Anatomical motion was a significant problem in applications of this scanner to regions other than the head and extremities.
To reduce motion artifacts in images of the chest and abdomen, CT imaging times had to be substantially reduced.
One approach to this problem was the scanner built at the Cleveland Clinic by Ohio Nuclear, a company that previously had concentrated on devices for nuclear imaging.
In the EMI scanner, two scintillation detectors were used to acquire projection data simultaneously for adjacent slices of anatomy, as shown in Figure  I 7 . Ohio Nuclear acquired data for one slice at a time by using an array of detectors and multiple pencil-beams of x rays, and later a small fan-shaped x-ray beam ( Figure 18 ). The Ohio Nuclear scanner, known as the "Delta" scanner, reduced imaging time from 41h mmutes to about 20 seconds, and produced whole body images superior to those from the ACTA scanner.
The first Delta scanner became operational in 1974, and was termed a "second generation" scanner because of the 5mg-nificant reduction in scan time.
Figure 16
First generation ACTA scanner.
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Figure 17
Diagram from the first Hounsfield publication on computed tomography. (from Brit J Rad 1973; 46: 101 6). Hence, a "Request for Proposal" was issued to solicit designs for the "optimum" CT scanner. Many proposals were submitted, and the winner was a small firm in Cambridge Massachusetts, American Science and Engineering (AS&E). This firm was known principally for its major product, an x-ray inspection system for airports. The company responded with a novel scanner design that employed a stationary ring of scintillation detectors, with the x-ray tube rotating around the patient, but inside the detector ring. The AS&E design yielded scan times equal to those of the GE scanner, but with one major advantage: detector responses could be normalized during scans, rather than only between scans with a phantom in place, which was the case for the GE scanner.
The stationary ring design became known as the fourth generation of CT scanners.
This design is depicted in Figure 19 In 2 additional years, the minimum scan time decreased to only 2 seconds ( Figure 20 ). Additional designs were proposed for CT scanners, including the nutating geometry of the EMI 7000 series (later adopted by a few other manufacturers) and the shifting gantry of the Artronix scanner.
By the end of the decade, marketplace competition among CT manufacturers had become severe, and only 9 of the more than 20 original competitors remained.
As the market matured in the 1980's, the number dimin-
Figure 20
Single-image collection time for the ten-year period after the introduction of CT scanning.
Figure19
A fourth-generation computed tomographic scanner with a stationary ring of scintillation detectors and an x-ray tube that rotates around the patient.
Figure 21
The Dynamic Spatial Reconstructor. (from R. A. Robb, A. H. Lent,A. Chu. Proc. 13 HICSS 1980; 3:384) . Fe- These results were encouraging enough for the Aberdeen group; they immediately ordered a magnet specifically for human imaging.
Unfortunately, three years elapsed before the magnet was delivered.
Figure 26
One of the first magnetic resonance images of human anatomy. (Mansfield and Maudsley, 1976) . Magnetic resonance promises to be a highly productive arena of research and clinical application for 5ev-enal years to come.
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